Exchanges between scientists and nonscientists are critical to Background: realizing the social value of basic research. These exchanges rest in part on the willingness and ability of scientists to engage effectively in science communication activities. In this paper, we discuss the perception and willingness of basic scientists in the biological and biomedical fields to engage in science outreach.
Introduction
Science communication refers to the "use of appropriate skills, media, activities and dialogue to produce one or more of the following personal responses to science: awareness, enjoyment, interest, opinion-forming and understanding" (Burns et al., 2003: 183) . Effective science communication is seen as an important science policy tool, as it enables exchanges between scientists and nonscientists that are critical to transforming basic research into social outcomes (Bozeman, 2007; Bozeman & Sarewitz, 2011) . After reviewing the empirical literature on the connections between research and societal application, Sarewitz & Pielke (2007: 7) conclude that "one feature that invariably characterizes successful innovation is ongoing communication between the producers and users of knowledge." Producing valuable knowledge alone is in fact not sufficient to realize the public value of basic research; to transform basic knowledge into concrete social outcomes, basic research findings must be properly communicated to nonscientists and the latter must use these findings to generate social outcomes.
Unfortunately, studies show that effective communication between scientists and nonscientists is not the norm. This has resulted in a 'usability gap' (Kirchhoff et al., 2013) that prevents basic research from becoming fully realized into concrete social outcomes. Scientists' behavior is certainly an important determinant of this usability gap. Scientists can in fact contribute to closing this gap by engaging in science communication. Unfortunately, we know that scientists' engagement in science communication activities is far from optimal and that scientists could be engaged more frequently and more effectively (Bruine de Bruin & Bostrom, 2013; Bucchi, 1998; Hilgartner, 1990; Pielke, 2012; Rödder et al., 2012; Suldovsky, 2016) . Consequently, understanding scientists' attitudes towards science communication activities is critical to designing policies that enhance their commitment to science communication activities.
In this paper, we analyze qualitative data gathered in conjunction with a large survey of scientists who are researchers in Italy, the United Kingdom, and the United States, using the theory of planned behavior to understand scientists' perception of science communication activities. The goal is to understand which scientists' perceptions influence their decision not to engage in science communication activities and to suggest policy interventions that would modify those perceptions and increase scientists' participation in public engagement of science.
Methods

Study context
The theory of planned behavior is a well-established theory of human behavior, which relies on the premise that a person's intention to engage in a behavior is the single best predictor of whether that person will in fact engage in that behavior. According to the theory, intentions, and consequently, behavior are influenced by three sets of variables: attitude towards the behavior, subjective norms, and perceived behavioral control (Ajzen, 1991) . Attitude towards the behavior is the degree to which performance of the behavior is positively or negatively valued by an individual. This attitude is in turn determined by behavioral beliefs-the subjective probability that the behavior will produce a given outcome-that link the behavior of interest to expected outcomes. Behavioral beliefs are based on personal experience, information sources and inferences. Subjective norms reflect an individual's perception of social pressures to engage or not to engage in a behavior. This variable is linked to the degree to which certain groups of people approve or disapprove of the individual performing the specific behavior and how social pressure informs subjective perception about the particular behavior. Perceived behavioral control refers to a person's perception of her ability to perform a given behavior. This variable is linked to the perceived ability to engage in a behavior and to the ability to do so effectively (Ajzen, 1991) .
Planned behavior theory in particular has provided a fertile framework for empirical research in scientists' participation in public engagement activities (Besley et al., 2013; Dudo et al., 2014; Dudo & Besley, 2016; Poliakoff & Webb, 2007) . Poliakoff & Webb (2007: 254) have applied this approach to investigate the determinants of scientists' intentions to participate in public engagement activities. Based on an 'augmented' version of the theory of planned behavior, the two authors show that scientists' intentions are determined by past experiences with public engagement, attitudes towards engaging with the public, perceived control that scientists can exercise on public engagement activities, and beliefs about colleagues' participation in public engagement. Poliakoff and Webb also conclude that career recognition, availability of time and other constraints do not significantly predict intentions to engage in public engagement of science activities. Using data from two large surveys of scientists from the United States and the United Kingdom, Besley et al. (2013) found that a personal commitment to the public good and feelings of personal efficacy and professional obligation can predict scientists' involvement in outreach activities. Dudo et al. (2014) found that predictors of nanoscientists' involvement in science communication include perceiving public communication as important for the welfare of society, seeing professional benefits from generating publicity about their research, and spending more time using online tools. These results were in great part replicated by Aykurt (2016) , who conducted a similar study among nonscientists in Denmark. Interestingly, the study also found that a lack of time is an obstacle to engaging in science communication using online tools (Aykurt, 2016: 44) . Finally, in researching how scientists prioritize science communication objectives, Dudo & Besley (2016) found that informing the public, exciting the public, building public trust about science, and defending science from public misinformation are objectives that received the largest support among study participants. The fact that these objectives are important to scientists certainly has implication to their intention to engage in science communication: scientists may be more willing to engage if they perceive that science communication efforts prioritize the right objectives.
Methodology
With this framework in mind, we analyze how the three variables deployed by the theory of planned behavior contribute to our understanding of scientists' intentions to participate in science communication activities. Our analysis is based on qualitative data that we gathered in conjunction with a large survey of scientists conducting basic research in the biomedical field in Italy, All Comments were imported into MAXQDA (ver. 12.1; http:// www.maxqda.com/), a qualitative data analysis software, to be analyzed. We then conducted a three-step analysis the data. In
Step 1, we coded segments 'in vivo' based on the 'first-step coding,' a code system that we had used to analyze qualitative data in a previous study exploring similar issues (Boggio et al., 2016) . The 'first-step coding' schema is available as Supplementary File 1.
During
Step 1, we discarded 12 of the 145 answers because respondents either commented on the survey design or merely thanked us for conducting the study. In Step 2, we reviewed the results of the first-step coding to identify clusters of data that could lead to further insights when analyzed in conjunction with the theory of planned behavior. In Step 3, we proceed to analyze the data clusters, identified as a result of Step 2, based on the three main parameters of the theory of planned behavior: attitudes, subjective norms, and (perceived and actual) behavioral control. This analysis was conducted by sifting through the material, highlighting text, terms, and phrases, writing notes, and reorganizing coded segments along the three parameters. Finally, we reviewed the results, reflected on the data, and constructed narratives that would convey study respondents' attitudes towards science communication activities. While focused primarily on the qualitative data, the analysis is mindful of the quantitative findings of the survey and we occasionally refer to the quantitative findings to provide the appropriate research context for our analysis.
Results
Bioscientists' attitudes towards science communication
Initially, we analyzed responses that provide insights as to the degree to which scientists positively or negatively value engaging in science communication activities. Overall, respondents expressed positive attitudes towards science communication.
With regard to content of science communication, many respondents indicated that science communication should be preoccupied to correcting misunderstandings about the social value of science and to fostering a deeper understanding of the public value of science. Since society often fails to fully appreciate basic science's potential to contribute to social outcomes, science communication should firstly aim at "increasing people awareness of the contributions of basic research to our daily lives" (#191) 6 and foster "much more interaction between society, scientists and sufferers" (#160). As one respondent put it, science communication must answer the question "What is the point of this research?" so that "everyone can understand why they are doing this research and why it will be a benefit to us" (#222). Secondly, science communication is also an opportunity to address negative perceptions of science. "With the current challenges about data replication in the popular press, good communication has never been more vital" (#116). Patients, some scientists worried, "do not understand the real role of bioscience for the general health [and think negatively of] animal experimentation, drugs in general and natural cures (that there are not miraculous cure of cancer)" (#133). Thirdly, many respondents also indicated that, if science were better understood, the public would be more willing to support basic research. To foster public support of science "the benefits of basic research are fed back to the people who in the end are funding the research" (#216). Others favored communication efforts that focus on "non-instrumental" aspects of science (#118 mentioning astronomy as "very popular, even though it has no direct economic benefit"), the complexity and mystery of scientific inquires (#176: "science is a process that takes time and hard work and great thoughtfulness, not just a received body of 'facts' that one is supposed to memorize"), and science as "awesome and fun" (#150). The last respondent also added that "we need to get away from the pure health focus of research: in neuroscience all the promises of the decade of the brain were bad public policy. Let us not repeat that mistake over and over again!" (#150). "Good science is similar to painting or composing music, but the tools are different" (#166).
Our respondents expressed different attitudes depending on the audience of science communication. Exchanges with clinicians and patients received an assessment that is more favorable. By contrast, the relationship with policymakers, politicians, and the media were mostly framed in negative terms (we discuss policymakers, politicians, and the media under 'perceived behavioral control'). With regard to clinicians, more than 20 of the 133 comments remarked that interactions between basic scientists and clinicians are beneficial in two ways. First, scientists can benefit from clinicians' feedback. Due to the "constant patient and clinician contact," the clinical environment may generate "a good amount of feedback into the direction of the science" (#184). In addition, interactions with basic scientists may reorient clinicians' focus from "treatment of symptoms … to understanding disease [since] basic research tends to want to understand how things work" (#139). Second, clinicians can become agents of science when communicating with other users (colleagues and patients) (#215: "MDs have key role to play in supporting/communicating basic research"). Similarly, interactions with patients are perceived as positive. To stimulate these exchanges, study participants supported the proposal to relocate some basic researchers into hospitals and suggested that scientists should get actively involved with clinical care to generate more opportunities for knowledge exchanges 7
. They also noted though that more needs to be done for science communication to happen in the clinical environments. "Simply having basic scientists at hospitals does not help if they are not actively involved with clinical problems" (#244). Cultural barriers may be an obstacle to knowledge exchanges, since clinicians and scientists come from different cultural worlds, and their exchanges would improve if their educational paths-e.g. a PhD in biology or an MD for clinicians-overlapped more.
There is huge knowledge gap between basic science and medical or clinical research although we start our education with same knowledge of biology, chemistry etc. To tackle this problem, syllabus for basic science or medicine should have some overlapping subjects. (#112) A different picture emerges from the analysis of comments involving the media and policymakers. Media are perceived as agents of distortion: the information that the media feed to the public does not accurately portray how scientific research is conducted and how it contributes to the betterment of society. Some imputed this state of affairs to the fact that "the media are for the most part corporate and can say/show what they want" (#146) and to the fact that the media engage in "false equivalence giving equal weight to dubious if not downright false opposing viewpoints" (#141). Against this background, the media are nonetheless perceived to play a critical role in science communication efforts.
I think the media could really help by reporting the origins of progress in terms of the basic science and scientists that initiated and brought to fruition a finding, even if it is not world-shattering progress. The public needs to be educated about the scientific method and how failed hypotheses lead to new insights that can change the world. For example, the discovery of miRNA -how it occurred and where it has led would help people understand the value of basic research. I am a glycobiologist and have determined many functions for sugars attached to glycoproteins. Even most scientists do not appreciate the importance of sugars on glycoproteins. Understanding how they are useful in recombinant therapeutics that treat disease would be helpful to the general public as it would be a lesson in how to think scientifically. (#219)
The media should thus "promote well-informed discussion of basic research discoveries and their contribution to knowledge in the media" (#230) with "accuracy of portrayal" (#108). Policymakers are also perceived negatively. The respondents questioned policymakers' ability and willingness to understand and embrace science. "The ignorance of a large portion of the general public is terrible, especially members of Congress" (#208).
Overall, negative attitudes seem to be grounded on scientists' perception that the public lack sufficient scientific literacy. In fact, many respondents expressed the wish to have policymakerspoliticians in particular-with better science credentials and more willingness to understand science ("Need more policy makers who are scientifically literate, with some experience in basic science not simply owning medical degrees" #107). To address the scientific literacy deficit, respondents proposed various improvements that could change their attitudes towards communicating knowledge to nonscientists. Improving education in science and technology seems to be a clear target to enhance science communication. Curriculum reform at all levels of education was proposed by numerous respondents. Curricula, some participants suggested, should emphasize how the scientific process works and how scientific findings benefit society. Scientific literacy would improve "if future generations are more aware of the scientific process" (#234). Scientific education should start at an early age-"get kids into science. That's the only way to change the mindset of the generations" (#220). Also, "make sure all children have introduction to biology, chemistry, physics and human physiology; emphasize scientific process and benefit of scientific research" (#111). Curricula should also "showcase how basic science has paved the way for translational science" (#129). Children's interest should be also fostered outside the classroom by having the right kind of programs and initiatives ("Bring back Bill Nye, The Science Guy, to public television; and/or promote TV/movie with scientists as protagonists to encourage more children to pursue STEM education and careers" #120). In addition to triggering interest in science, these initiatives would forge more informed citizens and better policymakers ("An unprepared mind will be unprepared for the proposed policies" #199). To some, curriculum reform is arguably more important than having career scientists engage the public since "much promotion of research by even highly regarded scientists does not serve the knowledge/long term interests of the public that well" (#235).
Subjective norms
We then turned to analyzing responses that address the normative beliefs and subjective norms held by bioscientists. These are comments that concern whether bioscientists are expected to engage in science communication activities and how individuals perceived those expectations. Participants seem to be in agreement that bioscientists are expected to engage with the public. Furthermore, many argued that bioscientists ought to become more engaged with science communication efforts and take greater ownership of these efforts. This is part of their professional obligation, especially where research is publicly funded. "Since the public funds the research in many cases, scientists have an obligation to educate the public and to deliver new knowledge to them" (#111). Bioscientists must get involved "in the training of media-relations personnel (i.e. journalists), of both trainees in the discipline (e.g. classroom settings of journalism schools) and of active journalist (e.g. through seminars or workshops)" (#177).
Respondents also identified various institutional and professional opportunities for greater engagement with science communication.
Organizing meetings and open houses, an option directly asked about in our survey, is one. Institutions could organize "periodic open house type of event where basic scientists could explain their science to general public, entrepreneurs, clinicians" (#170). These events are also seen as opportunities for scientists to reflect on their work and "think about potential societal benefits just by interacting with people in different background and educational qualification" (#170). Professional organizations are seen as science communication tools: "professional societies could do more societal outreach" (#154). However, some argued, these organizations need to change their approach to be effective: "Scientific societies need PR and even something like political operatives to expose industry and anti-science groups for their agendas and questionable credentials. Instead of not engaging or expecting some sort of even playing field, scientific associations need to get media savvy and do more to reclaim what science stands for and represents" (#141). Finally, respondents mentioned publication outlets as valid communication tools. Open access journals in particular offer opportunities for disseminating science and for the public to appreciate that public funds are used in ways that lead to beneficial social outcomes-or "to see their tax dollars at work" as one respondent put it (#200). The idea of an online forum "where people feel safe to ask 'stupid' questions" (#210) was also brought up.
Perceived and actual behavioral control
Finally, we analyzed answers to find insights concerning bioscientists' behavioral control. This variable refers to perceived and actual ability to engage in science communication activities. Bioscientists' lack of skills to communicate science effectively was mentioned several times as a source of inability of bioscientists to communicate science effectively. As a solution, respondents proposed offering proper training to scientists, but also choosing only the most "effective communicators to engage with the public and media" (#243). "Train early career scientists to communicate with the public [and] include training in communication tools and public speaking during postdoctoral training" (#196). More importantly, respondents felt that they are unable to participate in public engagement of science because of perceived environmental constraints, such as time and resources. To them, these constraints constitute actual barriers to greater involvement with science communication. "Overburdened schedules" (#154) force bioscientists to struggle with keeping up with the day-to-day work of scientific research. Demands for greater commitment to science communication efforts means asking them to reduce the time and energy spent responding to the demands of today's academic environment, where 'publish or perish' is the norm. Scientists' perception is that it is simply impossible, especially considering that engaging with the public does not lead to immediate returns in terms of productivity and career outcomes. "You are raising the possibility of more sessions, more discussions, more meetings (etc.) for persons who already do research into the late hours, are involved in classroom teaching, do university administration, and instruct people in the lab" (#181). This cannot be done without increasing funds, available to scientists, labs and institutions, to pay for outreach and communication efforts, or setting up directs rewards (in the form of career advancements, credit recognition in grant reviews or prizes) for scientists who engage in such efforts. Otherwise, the risk is that further demands may "drive good scientists away from science" (#181).
Discussion
In this study, we investigate how bioscientists perceive science communication activities with the understanding that science communication is instrumental to realizing the social value of basic research, and that perceptions influence the decision to engage in these activities. According to the theory of planned behavior, our data show that bioscientists' perception of science communication may influence their decision to get involved with public engagement activities. Consistent with previous research (Corrado et al., 2001; Poliakoff & Webb, 2007) , bioscientists maintain a positive attitude towards science communication as a tool that can enhance how science is understood and valued in society. Contrary to previous studies (Poliakoff & Webb, 2007) , we found that subjective norms play a role as determinants of scientists' participation. In fact, bioscientists appear to feel required to engage in exchanges with nonscientists. Furthermore, direct previous experiences with science communication activities were barely discussed, suggesting that they do not play an important role in determining participation, contrary to Poliakoff & Webb (2007) . Occasionally respondents referred to indirect experiences, such as observing how nonscientists react to science communication efforts. Reported reactions are mostly negative: bioscientists' perception is that nonscientists are ordinarily not positively impacted by science communication activities.
This leads to another important finding, which is currently not documented in the literature: interactions with certain nonscientists are valued more than with other nonscientists. In particular, exchanges with clinicians and patients are valued more than interactions with institutional actors, governmental bodies and the public. Institutional actors, governmental bodies and the public are perceived as lacking sufficient scientific literacy to appreciate science, which makes bioscientists feel powerless. Engaging with this group of actors may be of little value because bioscientists feel they cannot change their understanding of and appreciation for science. On the other hand, interactions with clinicians and patients are perceived as more promising, since these exchanges can lead to mutual benefit: scientists would gain a better understanding of how science is translated into application; clinicians would be less focused on symptom treatment and more on understanding the underlying causes of disease; and patients would better understand what knowledge is behind a certain treatment.
Finally, perceptions relating to perceived behavioral control matter. Some bioscientists feel that they are not able to contribute effectively to science communication activities because they lack either the skills needed to communicate science effectively or the time and resources that would be needed. In addition, bioscientists feel that involvement with science communication is not properly rewarded, particularly in terms of career advancement. Perceptions of the lack of adequate training are not new (Corrado et al., 2001; Gascoigne & Metcalfe, 1997; Poliakoff & Webb, 2007) . Similarly, many accounts of contemporary experience in academia focus on well-documented and debated systemic problems (Alberts et al., 2014; Alberts et al., 2015) , which relates to how basic science is funded (Martinson et al., 2009) , scientific merit is evaluated (Siler et al., 2015) , scientific findings are published (Vale, 2015) , and younger scientists are offered opportunities for career growth (Daniels, 2015; McDowell et al., 2014) . Not surprisingly, these issues were brought up in the survey as challenges that prevent bioscientists from engaging further in science communication activities.
Conclusions
Exchanges between scientists and nonscientists are critical to realizing the social value of basic research. These exchanges rest in part on the willingness and ability of scientists to engage effectively in science communication activities. Our study suggests that bioscientists are supportive of greater participation in public engagement of science and that they particularly value interactions with clinicians and patients. However, their commitment appears to be constrained by their limited confidence in their ability to effectively communicate science, as well as the perceived lack of time and resources to engage with nonscientists. These problems are not new, and are not insurmountable. Solutions must be empirically-informed interventions, in order to reduce the obstacles that bioscientists perceive as preventing them from getting more involved with science communication efforts.
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Please see Question 15 of the survey: Please evaluate the following policy: "Locate more basic research laboratories inside or in close proximity of hospitals" expressed this view etc…). It's not enough to generalise or to extrapolate this feedback to bioscientists in general -this is a very diverse body of scientists.
The authors need to give more detail about their methods of analysis. What specific approaches were taken? Did they undertake a thematic analysis. Use grounded theory? Some supporting references are needed here to signpost their approach to qualitative analysis for the reader. It is good that they attached their coding scheme, but some explanation of each theme would have been helpful. Also, I would like to know who coded the data. Was it coded by more than one individual? How was the reliability of the coding ascertained? Did they account for inter-coder reliability. If only one person coded the data -was this checked by someone else. Again, values for inter-coder reliability, or even an acknowledgement that this needs to be addressed in qualitative analysis would have been welcome.
The use of the theory of planned behaviour as a framework for analysis is questionable. At no point are scientists questioned about their intent to take part in public engagement activities. Looking at the raw data, there is nothing that stands out as an expression of intent. It is unclear why this framework has been applied to the data.
In addition to methodological problems, there are some other concerns about the contextualisation of the data within current work on public engagement. The authors appear to have focused on 'science communication' yet have used the terms 'outreach' and 'public engagement' interchangeably. The first paragraph of the paper gives a definition of science communication from 2003 that appears to encapsulate a rather one-way movement of information from informed scientists to uninformed public. This is quite different to more recent definitions of public engagement, which reflect a move from a deficit model of communication, to one that is based on dialogue and a greater understanding of the social and cultural context of communication.
By presenting this definition of science communication in the opening paragraph, I am unsure whether the authors are aware of the cultural shifts taking place in the public engagement landscape. The use of the term 'outreach' is also problematic. Outreach can (but not always) refer specifically to public engagement work in a school setting, often with the goal of increasing diversity in those who choose to study science at a tertiary level. While it is true that terminology in the public engagement literature can be confusing, there has been some work on this, and I would encourage the authors think about what public engagement means to them and also how the scientists they survey define it. Some of the references cited are a little out of date and much work has been done on public engagement and the greater emphasis on dialogic approaches. This work needs to be consulted to address this underlying issue which detracts greatly from the work.
There are other issues which need attention.
On several occasions, the authors make reference to the 'social value' of research without defining what that means, or how it can be measured. I am not sure how this relates to public engagement or the views expressed in the survey.
Using the terms 'scientists' and 'non-scientist' is problematic. For example, the authors refer to clinicians as being non-scientists. It is likely that many clinicians would disagree with that assessment. It may be more helpful to talk about 'specialists' and 'non-specialists'. This allows for the fact that some groups who aren't professional scientists, can be specialists in a given area. For example, patient groups. Also, scientists have different specialisations, so may not understand another discipline any better than someone who isn't a professional scientist.
The geographical categories don't make sense. Why not just divide them into country groups? I am assuming N/A in Table 1 means these scientists come from somewhere else -where? Is geographical origin relevant -there is no evidence that this has been considered in the analysis.
Despite the above criticisms, the authors allude to an interesting question about public engagement and basic research which could be addressed in more detail in a new study. Are views about public engagement related to whether a scientist carries out basic science or applied science? Given their previous contact with a substantial pool of scientists, the authors could re-design a more rigorous study. They could question scientists above the public engagement work they have actually carried out (rather than their intention) and explore whether activities and views were related to the kind of research that was carried out -bearing in mind that there are many other factors that influence public engagement activity. As a public engagement professional working with scientists in basic research, such a study would be of great interest.
As it stands, this study has too many methodological and theoretical flaws to be indexed. The body of data is insubstantial and the analysis is problematic.Too many sweeping generalisations are made which simply are not supported by the data. Within the work however, is the kernel of an interesting research question about public engagement within applied vs. basic research. I would urge the authors to consider this question and design a new study that can address this, paying attention to adequate data collectionI have read this submission. I believe that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable scientific standard, for reasons outlined above.
